Abstract: The possibility of optimization of an HPLC method for the determinations of ciprofloxacin and ciprofloxacin impurity C was investigated according to the British Pharmacopoeia, using ruggedness testing. Four factors were selected to be tested in this ruggedness test (temperature of the column, volume of acetonitrile in the mobile phase, volume of the aqueous phase in the mobile phase and pH of the aqueous phase in the mobile phase). Seven responses were determined in each design experiment: retention times, peak heights, peak widths, number of theoretical plates, peak areas, peak areas RSD (%) and selectivity. A three-level design was used. The optimal conditions for the chromatographic procedure determined as the result of ruggedness testing were: pH of the aqueous phase in the mobile phase 3.0, column temperature 42 ºC and the acetonitrile to aqueous ratio in the mobile phase 14 : 86 (v/v). The HPLC method using the optimal conditions was tested for selectivity, linearity, precision, accuracy, limit of quantitation and limit of detection. The applicability of the suggested method was, as well, tested on the stability of ciprofloxacin in pharmaceutical preparations (tablets and infusion solution, products of Zdravlje-Pharmaco, Serbia) under stress stability data.
INTRODUCTION
Ciprofloxacin (1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(piperazin-1-yl)-quinoline -3-carboxylic acid) is one of a new generation of fluorinated quinolones structurally related to nalidixic acid. The primary mechanism of action of ciprofloxacin is inhibition of bacterial DNA gyrase. It is a broad spectrum antibacterial drug to which most Gram-negative bacteria are highly susceptible in vitro and many Gram-positive bacteria are susceptible or moderately susceptible. 1 Information exists concerning the determination, 2,3 stability 4 and pharmacokinetics [5] [6] [7] [8] [9] of ciprofloxacin.
Ruggedness testing usually consists of an experimental study in which the influence of small but deliberate changes in the operating parameters or environmental conditions, called factors, on responses of the method are evaluated. A ruggedness test is performed as part of the validation of an analytical method. In a ruggedness test, an experimental design approach is mostly performed. The first steps in such a procedure are: (a) the selection of the operational or environmental factors to be investigated; and (b) the selection of the levels for the factors. It has been demonstrated that, depending on the formulations (definition) of a factor, information that is physically more or less meaningful is extracted from the experimental design results. The factor levels are usually defined symmetrically around the normal level. In most case studies, the levels are defined by the analyst according to his personal opinion of what is feasible and what is not. 10 The extreme factor levels may also be defined as the percentage of the nominal value, i.e., as the nominal level ± x %. 11 Five impurities of ciprofloxacin are described in the British Pharmacopoeia (BP) (impurities A-E) 12 among which 7-[(2-aminoethyl) amino]-1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-quinoline -3-carboxylic acid (impurity C) is the most important. The aim of this work was to investigate the possibility of optimization of an HPLC method for the determination of ciprofloxacin and ciprofloxacin impurity C, according to BP, 12 using ruggedness testing .
EXPERIMENTAL

Chemicals and solutions
The standard substances, ciprofloxacin hydrochloride and ciprofloxacin impurity C (7-[(2-aminoethyl)amino]-1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid) were obtained from the Council of Europe, European Pharmacopeia BP907-F67029 Strasbourg Cedex1. Acetonitrile of HPLC grade (Merck, Darmstadt, Germany) and water purified by a Millipore Milli-Q system were used for the preparations of the solutions. Orthophosphoric acid and triethylamine of pro analysis quality, were obtained from Merck, Darmstadt, Germany.
The examined preparations (Ciprocinal coated tablets containing 500 mg, Cirprocinal infusion solution 100 mg/50 ml) were products of Zdravlje-Pharmaco, Leskovac, Serbia.
Apparatus
The HPLC experiments were carried out on a Agilent 1100 Series LC instrument, equipped with a binary solvent pump G 1312A, autosampler G 1313A and variable UV detector G 1314A. An octadecylsilane column (Lichrosorb RP-18, 10 mm, 250´4 mm, Merck, Darmstadt, Germany) was used.
Experimental design
The following factors from he operating procedure were selected to be tested in the ruggedness test: (A) pH of the mobile phase, (B) temperature of the column, (C) volume of acetonitrile in the mobile phase and (D) volume of aqueous phase in the mobile phase. Each factor was examined at three levels, the extreme levels which were chosen smaller and larger than the operating conditions (nominal levels) and nominal levels (Table I) . Those four factors were examined in the experimental design (Table II) .
The aqueous phase contained 0.245 % of orthophosphoric acid. The pH of the aqueous phase in the mobile phase was adjusted with triethylamine. The flow rate of the mobile phase was 1.5 ml/min; the injection volume of the injected solutions was 20 ml and the detector wavelength was 278 nm.
Solutions
The stock solution of the standard substances, 0.58 mg/ml ciprofloxacin hydrochloride and 0.25 mg/ml ciprofloxacin impurity C, were prepared in water.
Ruggedness testing was carried out with a standard solution containing 0.005 mg/ml ciprofloxacin and 0.0025 mg/ml ciprofloxacin impurity C in the mobile phase.
The working standard solution contained 0.05 mg/ml ciprofloxacin and 0.0025 mg/ml ciprofloxacin impurity C in the mobile phase.
Sample preparation
Ten tablets of Ciprocinal coated tablets of 500 mg were accurately weighed and finally powdered. The amount containing 125 mg of ciprofloxacin was transferred with 30 ml of water to a 50 ml volumetric flask. The powder was dissolved in an ultrasonic bath for 20 min. The volumetric flask was filled to the mark with water. A portion of the resulting suspension was centrifuged and the clear supernatant liquid was diluted with mobile phase to produce a solution containing the equivalent of 0.05 mg/ml ciprofloxacin for the assay and 0.5 mg/ml for the impurity assay.
Ciprocinal infusion solution 100 mg/ml was diluted with mobile phase to produce a solution containing the equivalent of 0.05 mg/ml ciprofloxacin for the assay and 0.5 mg/ml for the impurity assay.
The samples for stability investigation in the original packaging material were kept in two glass dessicators maintained at constant temperature (60 ± 0.1 ºC) using a water thermostat (Lauda R 52) for 90 days. The humidity in desiccators was controlled by a concentrated aqueous NaCl solution ensuring a constant relative humidity at 75 % at 60 ºC. The samples were taken out of the dessicator every 15 days and analyzed immediately.
Measured responses
Seven responses were determined in each design experiment: retention times, peak heights, peak widths, number of theoretical plates, peak areas, peak areas RSD (%) and selectivity.
RESULTS AND DISCUSSION
A representation for examining two process variables (factors A and B) and two mixture related variables (factors C and D) is given in Table I . The experimental design of Table II is a balanced three-level design. The use of two-level screening designs, such as Plackett-Burman 13 and fractional factorial design, 14 were generally applied for the robustness testing.
The concentrations of ciprofloxacin and ciprofloxacin impurity C in the working standard solution for ruggedness testing were approximate, in order to monitor the responses to small changes in the process variables.
The optimal conditions as determined from the results of ruggedness testing were: pH of the aqueous phase in the mobile phase 3.0, column temperature 42 ºC and acetonitril to aqueous ratio in the mobile phase 14 : 86 (v/v). Under the mentioned conditions, the retention time periods of ciprofloxacin and ciprofloxacin impurity C were the shortest. Shortening of the retention time periods did not have any influence on the selectivity because the highest of the peaks were the highest and the widths of the peaks the smallest. Also the biggest number of theoretical plates, as well as the best results for the area RSD (%) were obtained.
With increasing column temperature, when the other conditions of the examined HPLC analysis were unchanged, in almost all cases, the retention times were shorter the peak height increased, the widths decreased, the number of theoretical plates increased and the peak areas increased. These changes originate from the in-crease of the mobility of the molecules with increasing column temperature, whereby the interactions with the particles of stationary phase were enhanced. Increasing the temperature did not disturb the separation and selectivity.
Increasing the acetonitrile content in mobile phase, with the other conditions being also caused an improvement of all the accompanying responses of the HPLC system, as was the case with increasing column temperature. In this case the polarity of the mobile phase decreased, reducing thus the strength of the links with the non-polar stationary phase and the retention time of the substance in the mobile phase.
The optimum pH of aqueous phase in mobile phase at 42 ºC and an acetonitrile to aqueous ratio in the mobile phase of 14 : 86 (v/v) was 3.0, because the (+) and (-) levels of the pH resulted in a lower sensitivity of the method.
The system responses obtained under the optimized conditions and BP conditions 12 are shown in Table III . The HPLC method under the optimal conditions was tested for selectivity, linearity, precision, accuracy, limit of quantitation and limit of detection.
The chromatograms obtained for the laboratory mixtures and samples showed good selectivity and specificity of the procedures because no interfering peaks were present in the chromatograms.
The response (peak area) was proportional to the concentration over the range tested; between 0.0412 -0.0625 mg/ml for ciprofloxacin and 0.00125 -0.00375 mg/ml for ciprofloxacin impurity C.
The regression equations were: y = 101081x -228.35; r = 0.9993 for ciprofloxacin, and y = 116661x -7.4884; r = 0.9999 for ciprofloxacin impurity C.
The precision of analytical system was investigated using a working standard solution. Six consecutive replicate injections of each sample gave a relative standard deviation (RSD) of 1.79 -0.18 %. The obtained recoveries indicated an adequate accuracy of the method (Table IV) . The limit of quantitation (LOQ) was measured as the lowest amount of analyte which can be reproducibly quantified above the baseline noise. Duplicated injections resulted in a RSD < 3 %. The limit of detection (LOD) was measured as the lowest amount of analyte which produced a response which was significantly different from the blank. The LOD and LOQ values were sufficiently low, indicating that the proposed method is sensitive.
A comparable survey of HPLC chromatographs obtained under optimized conditions, as the result of ruggedness testing, and under conditions according to BP 12 are shown in Fig. 1 .
The results obtained for the stability test showed that the ciprofloxacin in the exammed pharmaceuticals was protected against heat and humidity. It was found that the content of ciprofloxacin impurity C after 90 days was 0.05 % in the talbets and 0.16 % in the intravenous solution. RSD values of ciprofloxacin impurity C for six consequtive replicate injections of tested samples were simmilar to corresponding values obtained during validation and indicated adequate repeatability at low concentrations level.
CONCLUSION
By administration of ruggedness testing, an HPLC method for the determination of ciprofloxacin and ciprofloxacin impurity C, according to British Pharmacopoeia, was optimized. Small changes of two process variables (pH of the aqueous phase in the mobile phase and the temperature of the column) and two mixture related variables (the volume of acetonitrile and the volume of the aqueous phase in the mobile phase) lead to significant changes of seven responses (retention times, peak heights, peak widths, number of theoretical plates, peak areas, peak areas RSD (%) and selectivity).
It should be noticed that the optimized method is shorter than the BP method, with the same selectivity, but with sharper peaks, better repeatibility, higher sensitivity and with better efficiency of the column.
Validation of the HPLC method under optimal conditions provided ng sensitivity, adequate linearity and repeatibility.
Testing of the stability of ciprofloxacin in pharmaceutical preparations showed that the proposed method can be successfully applied in studies of the stability of ciprofloxacin and that ciprofloxacin impurity C is the main degradation product of ciprofloxacin. Ispitivana je mogu}nost optimizacije HPLC metode za odre|ivawe ciprofloksacina i ciprofloksacin ne~isto}e C prema Britanskoj farmakopeji, kori{}ewem "ruggedness" testa. Izabrana su~etiri faktora (temperatura kolone, zapremina acetotrila u mobilnoj fazi, zapremina vode u mobilnoj fazi i pH vodene faze u mobilnoj fazi) koji su varirani u "ruggedness" testu. Sedam parametara je odre|ivano prilikom svakog eksperimenta: retenciono vreme, visini pika, {irina pika, broj teorijskih podova, povr{ina pika, povr{ina pika RSD (%) i selektivnost. Optimalni uslovi za izvo|ewe hromatografske procedure, dobijeni kao rezultat "ruggedness" testa, su: pH vodene faze u mobilnoj fazi 3,0, temperatura kolone 42 ºC i odnos acetonitrila i vode u mobilnoj fazi 14 : 86 (v/v). HPLC metoda je pod optimalnim uslovima testirana na selektivnost, linearnost, preciznost, ta~nost, limit kvantifikacije i limit detekcije. Navedena metoda primewena je kod ispitivawa stabilnosti ciprofloksacina u farmaceutskim preparatima (tabletama i infuzionom rastvoru, proizvodima farmaceutske i hemijske industrije "Zdravqe", Leskovac). 
